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I. INTEODUOTION 
Evidence showing that radiation Is a powerful means of 
inducing mutations in laboratory animals such as Drosophila and 
mice has been provided extensively by means of the OIB method 
of Muller and the specific locus method. However, our present 
knowledge about the genetic effects of Irradiation on economic 
traits of domestic animals is limited. Genetic studies of 
these economic traits are handicapped in some respects, because 
(1) these traits are generally influenced to considerable but 
varying degrees by environmental differences; (2) the genotype 
of each individual cannot be Identified; and (3) a large scale 
experiment with domestic animals requires much time and 
expense. 
In view of the current gap in our knowledge in this area, 
it appeared appropriate for animal breeders and geneticists to 
determine whether the irradiation of germ cells of domestic 
animals would induce measurable genetic changes in economic 
traits of their offspring. 
The preweaning and postweaning gains of pigs are 
economically important traits which are influenced by both 
genetic and environmental differences. The preweaning gain is 
expected to be influenced importantly by maternal environment. 
The postweaning gain should be influenced less by maternal 
environment and more by genetic differences among pigs than 
the preweaning gain. 
The present study is an investigation of the genetic 
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effects of irradiating spermatogonia of sire and maternai 
grandsire on preweaning and postweaning gains of pigs. About 
half of the sires and maternal grandsires used were exposed to 
300 r. of X-rays directed locally to their testicles, five or 
more months "before they were used for "breeding. The other 
boars were used as controls. The genetic effects of irradi­
ation were evaluated in terms of differences in mean, 
variance, skewness, and kurtosis of preweaning and postwean-
ing gains among offspring by the four treatments resulting 
from a two-by-two factorial arrangement of sire treatment and 
maternal grandsire treatment. The influences of some 
extraneous factors and maternal effects on preweaning and 
postweaning gains were also studied in connection with these 
inquiries. In addition, the effects of statistical adjust­
ments on the estimates of parameters were examined. 
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II. REVIEW OF LIEEHU-IDRB 
Since H, Muller demonstrated in 1927 that the 2-
irradiation of male Drosophila increased the frequency of 
mutations in the X-chromosome, numerous investigations have 
been conducted in various species of animals and plants to 
confirm the finding, Eeports that have some bearing on the 
present study will be briefly reviewed, with particular 
emphasis on the genetic effects of irradiation on the quanti­
tative traits which are important from the standpoint of 
animal breeders, 
Willham and Oox (1961) found that, in swine exposed to 0, 
300, 600, and 900 r, of X-rays, the general pattern of sperm 
production after exposure conforms to that reported for other 
mammals. About 60 days from exposure.a near absence of sperm 
was manifested, when collections were made at approximately 
10-day intervals. Based on their observation that the general 
recovery pattern, as measured by sperm number per collection 
between 70 and 300 days, is linearly related to dose on a 
logarithmic plot, they suggested that recovery is a function 
of the number of surviving spermatogonia, 
Russell (1954) reported that the litter size at three 
weeks after birth in the offspring from poststerile matings of 
male mice exposed to 300 r, of X-irradiation was decreased by 
three per cent. The temporary sterile period observed during 
43-49 days after irradiation provided a convenient means for 
separating gametes irradiated at the spermatogonial and at the 
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postspermatogonial stages. Oox (1963) obtained similar 
results In swine. Survival from birth to 42 days was 72 
per cent In the control group compared with 68 per cent In the 
group sired by Irradiated males. The ratio of the mortalllty 
rate In the Irradiated group was 1,090, 1,529, 1,020, 
respectively for the three Intervals: day one Including those 
born dead, the period between day one and day six, and the 
period from day six through day 42, 
Ifflllham and Oox (1962), based on the portion of the data 
used In the present study which was available by the fall of 
1961, reported a reversal of the effect of paternal irradi­
ation on 154-day weight of pigs. Exposed males, when bred to 
the purchased females, sired offspring that had a significantly 
lower weight àt 154 days of age than the comparable controls. 
Exposed males, bred to females that were from litters produced 
by the purchased animals, sired offspring having a signifi­
cantly higher weight at 15"4 days than the controls. 
Lerner et a^ , (1958) conducted an experiment to determine 
whether genetic variation in egg production traits of chicken 
can be Induced by X-rays and subsequently utilized to obtain 
further genetic progresses by selection. The semen samples 
used to fertilize the dams were exposed to X-ray doses of 0, 
1000, or 1500 r, each generation. The embryo viability seemed 
definitely affected by exposure of semen of grandsires and more 
remote ancestors to X-rays. Thus, the hatchabillty in the 
irradiated line without selection was roughly half of that in 
the control population, while the crosses "between them were 
intermediate. Both the means and variances of sexual maturity, 
egg number, and egg weight were probably affected. The 
results of the selection experiment reported by Lowry, lerner, 
and Dempster (I960) indicated that sexual maturity was a 
little later and hatchability lower in the irradiated line but 
the production index, as measured at several times during the 
year, had quickly regained nearly the level of the control 
lines. The genetic variance appeared to be larger in the 
irradiated line than in the control line for egg production as 
well as for some other characters, 
Scossiroli (1954) and Buzzati-Traverso (1954) showed that 
the new variation induced by radiation may be utilized by 
either natural or artificial selection to give marked changes 
in a population. Scossiroli was able to change the mean of 
the up line of D, melanogaster from its previous plateau of 
26 bristles to 44 bristles in 17 generations of radiation and 
selection. However, he failed to change the line selected 
downward. 
Clayton and Eobertson (1955) treated two lines of adult 
D. melanogaster each generation with 1800 r. of Z^ rays and 
also kept two control lines. Within each group, one line was 
selected upward for the total number of chaetae on the fourth 
and fifth abdominal segments and the other line was selected 
downward. The selection procedure was to choose the extreme 
10 of each sex out of 25 males and 25 females measured. Under 
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the irradiation new variation could be detected but that 
utilized by direct selection was small. This result is in 
contrast with that of Scossiroli (1954). Clayton and Robertson 
ascribed the disagreement to the fact that they started from 
an inbred line whereas Scossiroli used a line that had 
ceased to respond to selection. 
Scossiroli and Scossiroli (1959), in an experiment 
involving two isogenic lines of D, melanogaster and their two 
reciprocal crosses, concluded that X-ray treatment is an 
efficient tool for Inducing additive genetic variability for • 
polygenic traits in D. melanogaster and that the new genetic 
variability can be utilized by artificial selection, further­
more* the X-ray induced increase in recombination rate was 
suggested not to be an important factor in determining the 
observed effect of X-irradiation on the genetic variability. 
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III. EXPERIMENTAL MATERIALS AND METHODS 
The data for the present study were obtained from 9,348 
pigs of the Duroc and Hampshire breeds raised at the Bilsland 
Memorial Farm near Madrid, Iowa, from the spring of i960 
through the spring of I963. 
The foundation animals were purebreds purchased at about 
six months of age from various farms in the Corn Belt area, 
Females to start the experiment were purchased in llttermate 
pairs from breeders. The boars were also purchased as pairs 
of llttermates, usually not more than one pair from any one 
farm. Forty pairs of females were purchased in the spring of 
1959 and 90 pairs in the fall, usually several pairs from 
each of 39 farms. These purchased females, in most cases, 
farrowed two litters from the spring of i960 until the spring 
of 1961. Beginning with the spring of 1961, the females from 
litters produced by the purchased animals were used as dams -
and no more breeding females were bought. The boars for 
replacements continued, however, to be bought from breeders. 
The following table shows the source of females used for 
breeding over the seven farrowing seasons: 
Farrowing seasons 
Dam Birth date 
group of dam S60 F60 861 F6I S62 F62 863 
A • Fall, 1958 1 3 
A1 Spring, i960 5 6 8 11 14 
A2 Spring, I96I 10 12 14 
A3 Spring, I962 16 
B Fall, 1959 2 4 
Bl Fall, i960 7 9 11 14 
B2 Fall, 1961 • 13 15 
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The females in group A and B were purchased from "breeders and 
the other groups are descendants of A and B, The offspring 
born in the 19 cells of the above table were designated by 
16 different season-age codes. Each season-age group repre­
sents a different combination of year* season, and parity. 
Thirdy fourth, and fifth parities were put together in one 
class. Several boars were used in two consecutive seasons in 
i960 and 1961, but after that time boars sired litters in only 
one farrowing season. 
One boar of each pair chosen at random was given an X-ray 
exposure calculated to be 300 roentgens at the center of the 
testicles. The other boar of the pair was used as a control. 
The boars were fastened on their backs on crates and the 
testicles were exposed to X-rays at a rate of 100 roentgens 
per minute for three consecutive minutes (250 kvp; 15 ma; 
external filtration = 0.5 mm Ou, 1 mm Al; HYL 1.3 mm Ou; 
X-ray target to center of testicles 35 cm; average testicle 
diameter 6 cm; exposure dose rate 100 r. per min.; measured by 
a Victoreen dosimeter 35 cm from the X-ray target and in the 
center of rice phantom 6 cm in diameter). In order to assure 
that the sperm which took part in the subsequent fertilization 
had received the X-ray treatment at the spermatogonial stage 
(i.e. before the reduction division), the males were not used 
for .breeding until five or more months after exposure. 
When a female showed estrus she was mated to a randomly 
chosen male of the same breed. Her sister was mated to the 
9 
brother of that male. Where both matlngs were successful, 
this produced two litters of offspring related as double first 
cousins. Where one animal (parent) died or where one mating 
produced no litter, this left some pairs of litters which were 
only first cousins or were not cousins at all. The following 
table shows the numbers and percentages of pigs by the three 
different types of litter, double first cousin, first cousin, 
and unpaired litters as classified at birth: 
Type of litter Uo. of pi^ s Percentage 
Double first cousin 4,441 47 
First cousin 1,467 16 
Unpaired litters 3,440 37 
Total 9,348 100 
The considerable fraction of unpaired litters was obtained 
because some sires and dams did not have the corresponding 
full^ sib partner. Most of the litters termed as first cousin 
were maternal first cousins. Some litters classified as 
double first cousin or first cousin in .the above tabulation 
became unpaired at later ages when all pigs in one litter of 
the pair died before reaching 154 days of age. 
Table 1 shows the number of pigs by treatment of sire and 
treatment of maternal grandsire for the two breeds separately 
within season-age group. The pigs in the first four season-
age groups were offspring from the purchased females. The 
pigs in the remaining twelve season-age groups were from the 
dams produced within the project. Approximately half of the 
dams represented in the last twelve season-age groups were 
sired by control males and the remaining half of the dams were 
Table 1. Number of pigs by treatment of sire and maternal grandslre for the two 
breeds within season-age group 
Season-age group Duroo - Hampshire 
Oode Tear Season Parity oca ORb ROC ERd 00 OR RO RR 
1 I960 spring 1 104 105 87 84 
2 I960 fall 1 334 —" . 257 - 248 ' - 246 -
3 I960 fall 2 40 . - 21 - 35 22 am 
4 1961 spring 2 244 - 194 - 150 - 178 - -
5 1961 spring 1 69 153 85 123 108 44 81 85 
' 6 1961 fall 2 59 92 15 116 49 77 .67 36 
7 1961 fall 1 136 79 90 81 123 124 95 92 
8 1962 spring 3 16 94 55 78 38 17 45 98 
9 1962 spring 2 97 79 110 68 109 100 120 76 
10 1962 spring 1 21 26 41 25 69 37 47 49 
11 1962 fall 3-4 93 99 82 63 127 148 77 75 
12 1962 fall 2 25 23 23 21 40 39 45 30 
13 1962 fall 1 83 60 98 39 60 70 65 47 
14 1963 spring 3-5 87 108 118 133 143 95 137 140 
15 1963 spring 2 104 67 91 74 100 62 76 77 
16 1963 spring 1 24 26 8 43 42 36 43 39 
0^0 = Both sire and maternal grandslre untreated, 
O^R = Sire untreated and maternal grandslre treated. 
°R0 = Sire treated and maternal grandslre untreated, 
= Both sire and maternal grandslre treated. 
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by irradiated males. No female was used for breeding who had 
an irradiated maternal grandsire. As a consequence of this 
design, four treatment combinations were produced from a two-
by-two factorial arrangement of treatment. The treatments of 
sire were of two levels of dose, 0 and 300 roentgens of X-
irradiation. The treatments of maternal grandsire were the 
same two levels of radiation dose. 
The pigs were weaned at 42 days of age by removing the 
dam from pen. Male pigs were castrated before 28 days of age. 
Each litter stayed in the same pen in which it was farrowed 
until the pigs were 154 days old. The pens were 8 feet by 16 
feet; were equipped with one circulating waterer and one self-
feeder, and had concrete floors. Creep feeding was allowed 
from about seven days of age. At weaning, 100 pounds of 
grower ration containing 16^  of protein were allowed for each 
pig. The pigs were then finished with the fattening ration 
containing 14^  of protein. The management practices and the 
procedures of X-raying the boars were as uniform as possible 
within a particular season. 
The preweaning gain was measured as the weight of pig in 
pounds at 42 days of age. The postweaning gain was obtained 
by subtracting the weaning weight from the 154 day weight. To 
reduce the rounding errors, the total gain was used rather 
than the gain per day. Since one may be obtained by 
, T^he preweaning gain defined here is the gain over a 
period from fertilization to weaning, rather than from birth 
to weaning. 
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multiplying the other "by a constant, the results obtained in 
terms of total gain may be readily converted to those in terms 
of gain per day. The pigs that died before reaching 154 days 
of age were not used to provide data on gains due to inability 
to compute one or both of the two traits. When we compare the 
over-all performance of pigs, the mortality as well as other 
economic traits should also be considered along with the gains. 
The majority of deaths occurred within the first week after 
birth. 
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IT. METHOD OF AmiiISIS 
A, Extraneous Variation 
To estimate the treatment differences in preweaning and 
postweaning gains of pigs more accurately and precisely, the 
extraneous sources of variation for which adjustment is justi­
fied and which were not kept actually constant were controlled 
by statistical means. The sez differences in postweaning gain 
were adjusted using correction factors derived from the data. 
The extraneous variations from differences in year, season, 
and parity were controlled either by using correction factors 
derived from the data or by doing the analysis within groups 
of pigs alike in year-season of birth and parity. 
The adjustment for the differences in litter size may 
complicate the problems being investigated in the present 
study, because we may postulate at least two different paths 
by which the irradiation of sires may influence preweaning and 
postweaning gains of their offspring, as shown in the 
following diagram: 
Irradiation  ^Gains 
The following linear model was used to derive the 
correction factors within brered-treatment groupé; 
There are eight breed-treatment groups, as determined 
by two.breeds, two treatments of sire, and two treatments of 
maternal grandsire. 
14 
' wiisre 
i = 1 ... 16 k = 1, 2 
j — 1 . . . 10 m — 1 . . . 
I^Jkm the observation on the mth pig in the kth sex class 
in the jth class of litter size within the ith season-
age group, 
m is an effect common to all pigs in the population, 
b^ - is the average effect of the ith season-age groupé, 
Ij is the average effect of the jth class of litter size^  
at weaning, 
s^  is the average effect of the kth sex, 
®ijkni the sum of random errors peculiar to each pig. The 
eijkm's include, by definition, all of the effects not 
ascribed to any of the other components of the model 
assumed. The are assumed to be independently 
distributed with mean zero and a constant variance. 
Cochran (1947) described some consequences when the 
assumptions for the analysis of variance are not satisfied. 
The main point made by Cochran is that moderate departure from 
.the conditions specified by the assumptions will not give rise 
The sixteen different season-age groups were described 
in Table 1. 
2 The smallest litter sizes, one* two, and three were put 
together in one class for these calculations and the largest 
litter sizes, twelve and thirteen, were designated as another 
class, because only a few litters were of these extreme size. 
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to serious difficulties (Ostle, 1954, page 241). 
To give a unique solution to the normal equations* the 
following restrictions were imposed on the components of the 
model: 
3 = = ° 
The standard errors of the least square estimates were 
computed by 
where 0^ ^^  is the segment of the variance-covariance matrix 
p 
corresponding to the particular constant and is the error 
variance as defined above. 
B, Estimation of Treatment Differences in the Mean 
The effect of irradiating spermatogonia of sire and 
maternal grandsire upon preweaning and postweaning gains of 
offspring were studied assuming the following linear model 
separately for the two breeds with the data adjusted for 
difference in sez for postweaning gain; 
I^jkm = m + + (tt')jt + (bt)ij + (tf 
+ 
where i = 1 . . . r k = 1, 2 
] — If 2 m = 1 . . • 
i^jkm the observation on the mth pig that received the jth 
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treatment of sire and the kth treatment of maternal 
grandslre within the 1th season-age group, 
m Is an effect common to all pigs in the population, 
Td^  is the average effect of the ith season-age group, 
tj is the main effect of sire treatment: the subscript 
1 denoting the control sires and the subscript 2 
denoting the sires treated with 300 r. of X-
irradiation, 
tj^  is the main effect of maternal grandslre treatment: 
the subscript 1 denoting the control grandslre and 
the subscript 2 denoting the grandslre treated with 
300 r. of X-irradiation, 
(tt')jj^  is the interaction between sire treatment and 
maternal grandslre treatment, 
(bt)i^  is the interaction between sire treatment and block 
(season-age group), 
(bt')^ j^  is the Interaction between block and maternal grand­
slre treatment, 
(btt')^ j^  is the three-way interaction among block, sire 
treatment, and maternal grandslre treatment, 
®ljkm the sum of the random errors peculiar to each pig. 
The conditions imposed on the components of the model are: 
"ÎH = 0 
- =T§(tt')jk = 0 
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=^ (bt)i^  = 0 
(^bt )^ ]j- =:^ (bt = 0 
(^btt' )lj]s; )l31j; =^ (btt')ijl5; = 0 • 
The subclass numbers in the data for the present study 
were neither equal nor proportionate. The method described by 
Snedecor (1956, page 382-385) for the analysis of an £ x 2 
table is extended for the case of R x 2^  table to make the 
method applicable to the present work. 
One of the four treatment means within block may be 
represented by the following equation. The dash was used to 
denote the average. 
yijk. = * + + (tt')jk + + 
The main effect of sire treatment, that of maternal 
grandsire treatment, and the interaction between sire treat­
ment and maternal grandsire treatment may be estimated 
unbiasedly by averaging the individual estimates within block 
over the blocks as shown below: 
E 
E 
Cs è * ^112. - ri21. - ^ 122. U = H - *2 
(A A. " ^112. * ^ 121. " ^122.'J = - tg 
18 
 ^( M è ~ ^ 112' " ^121. * ^ 122.0 " 
2 ( (tt')ll - (tt')l2 - ("'>21 + (tt')22 } 
The variance of the main effects and interaction, estimated 
as above, is: 
Although the unweighted means of the individual estimates 
within block are expected to give the unbiased estimates of 
the two main effects and interaction, they; do not possess 
another desirable property of having a minimum variance when 
the subclass numbers.are disproportionate. 
The minimum variance estimators may be obtained by 
weighting the individual estimates within block by the amount 
of information. However, the weighted estimators of the main 
effects and interaction may contain some contributions from 
the interactions involving blocks, if these interactions are 
not negligible and the weight given to each block varies from 
block to block: 
19 
E ( i (^ 111. * ^ 112. " ^ 121. " ^ 122.) ) = 
 ^"l t (btill - (")l2J 
- - r ? 
E ( 1 ^ 1 ^ Âll. .~ 1^12. * ^ 121. " ^122 J I _ 
 ^ 2 Ç" wi  ^
' f *1 ((tt')il - (bt'iig) 
t-| - + 1 2 -^vr. 1 
TP Y?"^ i (^ 111. " ^ 112. " ^121. + ^ 122.)  
 ^ J 
g - (tt')ig - (tt'Jgi + (•tt'jgg ) 
((ttt')iii - (ttt')ii2 - (btt')i2i,+ (ttt'jjgg) 
2 f «1 • 
The variance of the weighted estimates of the main effects and 
interaction given above is: " 
? (. 3 e^ 
20 
Within each block, roughly the same numbers of pigs were 
allocated to the different treatments. In none of the blocks 
were the observations entirely missing for any of the four 
treatments for the season-age groups 5-16, or for any of the 
two treatments for the season-age groups 1-4, This may pro-
%vlde some substantial gains In the efficiency of estimating 
the two main effects and Interaction by reducing the or 
y* 1 
Y p a r t  o f  t h e i r  s t a n d a r d  e r r o r s ,  c o m p a r e d  t o  o t h e r  m e t h o d  
of genetic blocking possible where severe dlsproportlonalltles 
exist within block due to missing observations for any of the 
treatments. 
The structure of the analysis of variance corresponding 
to the assumed linear model Is given In Table 2. 
The Interpretation of the analysis of variance shown In 
Table-2 becomes complicated when^  Wj^  b^  '^ 1^ , 
 ^Wj^  (bt' , and ^  (btt/)^ j^  do not average out to be 
zero or negligible. When the Interaction components are 
significant, the,sum of squares due to the main effects of 
sire treatment and of maternal grandslre treatment and that 
due to the Interaction between the two may be obtained by the 
method of the weighted squares of mean, as was suggested by 
Yates (1934), Bowles (1950), and Steel and Torrle (i960). 
This method gives the following: 
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Table 2. Structure of analysis of variance corresponding to 
the assumed linear model 
Source D.P. S.S. 
Blocks r-1 B 
Sire treatments 1 M 
Grandsire treatments 1 F 
Sire tmts x grandsire tmts 1 MP 
Blocks X sire tmts r-1 BM 
Blocks X grandsire tmts r-1 BP 
Blocks X sire tmts x grandsire tmts . —^. r-1 BMP 
Within subclass *— (l)- /-, \ E 
mere, ' 
, . . ! 
-yi2i.-yi22.jp 
•V Wi 
®^i"i (^111.-^112 .+^121 .-yi22.)^ -ti"! t yiii • -yiiP • -^yigi • -y IP? • f 
WjL 
I^ l(yill.-yil2.%21.+yi22. ) ^ ' 
T ^i 
 ^l^ i ^ 1^11. '^ i^l^ '^ 1^21. 122. ) 
 ^f"l'yill.~yil2j^ y^iSl.'yi22. ) ^  
®=i^ i (yiii.+yii2.+ri2i.+yi22.) ^-(^ i(yiii.+yii2.+yi2i.+yi22.3' 
-  ^^i 
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Sum of squares due to the main effect of sire treatment 
=  1 ^ 3 W  y i . 1 k . ) 2  where ¥, = (=j 1 1'^  
Sum of squares due to the main effect of maternal grandsire 
treatment , 
= âjk. )^  "here Uj. = (fj 
• ' • , f uj. • aijk-
Sum of squares due to interaction between sire treatment and 
maternal grandsire treatment 
= "l =1= > «<2 =2= -
eti + 0^ 2 
Where • = f ^ ^±11. + 7122.) ^2 = T (^112. + 7121.) 
o^ l = ^  ( 1 + 1 ) , and 
*111 *122 
p(2 = ^  (-i— + -J: ) 
•*112 *121 
The sire treatment, maternal grandsire treatment, and 
block were considered as fixed in the present study, because 
the blocks and the radiation dose chosen can hardly be 
regarded as random samples from the infinite population of 
23 
blocks and radiation doses, 
0, Estimation of Variance Components 
The effect of paternal irradiation on variabilities of 
offspring was investigated by estimating variance components 
from the analysis of variance, performed separately for the 
eight breed-treatment groups. 
The following linear model was used for this purpose: 
+ Sij + iijk + Sijkm 
where 1=1. . . b k = 1 . . . m^  ^
 ^ — 1 • . . mj^  m = 1 # . . m^  ^
I^Jkm the observation on the mth pig of the kth dam by the 
3th sire within the 1th season-age group, 
m is an-effect common to all pigs in the population, 
bj^  is the average effect of the 1th season-age group, 
s^ j is the average effect of the jth sire in the 1th 
season-age group, 
dijk is the average effect of the kth dam mated to the jth 
sire in the ith,season-age group, 
®i3km the sum of random errors peculiar to each pig. The 
genetic differences among llttermates which are due to 
chance at Mendellan segregation are also included in the 
error term. 
The analysis of variance for sires within season-age 
24 
group, dams within sire, and pigs within dam was performed as 
shown In Table 3, 
Table 3» Analysis of variance for sires within group, dams 
within sire, and pigs within dam 
Source D.F. Expected mean squares 
Sires within group (Çmi) - b 
Dams within sire 
-
- h 
Pigs within dam 
- ffij 
The phenotypic variances within season-age group may be 
obtained by 
Another possible way of computing the phenotypic variance 
within the group Is : 
t^' = ^ 1^ 1 " Y y/^ IJk^  "V 
In à simple situation where the same number (d) of dams were 
mated to each of s sires and the same number (e) of pigs were 
raised for each dam, the relation between and may be 
. shown to be : 
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ft' = ft - 8d% ((s - +' - 1) dî j 
The above formula shows that the is biased. 
The oovariances between preweaning and postweaning gains 
were computed by performing the analysis of variance for the 
sum of the two traits, and by utilizing the relation; 
Oov. (zy) = ~ (7ar. (x + y) - Var. (x) - Var. (y)J 
The expectations of the oovariances are the same as those 
given in Table 5» except that the components of oovariances 
between the two traits replace the variance components, 
Heritabilities and the genetic and phenotypic correla­
tions between preweaning and postweaning gains were computed 
from the sire components of variance and covariance obtained 
in the preceding analysis. 
D. Skewness and Kurtosis 
The skewness and kurtosis of the distributions of pre­
weaning and postweaning gains^ e^re examined to test the 
normality of the distribution and to investigate further if 
the irradiation had affected the skewness and kurtosis of the 
distribution of preweaning and postweaning gains of offspring. 
The data were first adjusted for the differences in sex 
and season-age group using the least sg_uare estimates of the 
effects-as the correction factors. The g^  and gg statistics. 
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as given "by E. A. Fisher (1958, page 70-75), were computed for 
each of the eight breed-treatment groups: 
where = 1 T:(z - 5)^  
. n-1 .. 
"3 = fn-l)°(n-2) 
= n j(n+l) Tlix-x)^  - 1 (n-l) fz:(x-x)^ J ^  l 
 ^ (n-1) (n-2j (n-3J L n . .  ^J 
If the observed values of preweaning and postweaning 
gains of pigs were random samples from a normally distributed 
population, the mean and variance of the samples may provide 
all informations contained in the samples as to the distribu­
tion of the population. The' g^  and gg of samples may provide 
some additional information when the underlying population 
distribution is not normal. 
E, Maternal Effects 
• Knowledge of the importance of maternal effects on pre­
weaning and postweaning gains of pigs is desirable for 
separating the maternal effect from the effect of pigs' own 
genotype on the observed differences between pigs with control 
and with irradiated maternal grandsires. Such information on 
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maternal effects may also be helpful for devising efficient 
methods of selection. 
Slightly over half of the pigs in the present data were 
obtained either as double first cousins or as maternal first 
cousins. The relationships among maternal cousins were 
utilized to estimate the extent of genetic maternal effect 
on preweaning and postweaning gains of pigs. 
Willham (I963) derived the general expression for the 
genotypic covariance between the phenotypic values of the two 
individuals x and y as: 
Oov. îj.) = ^  (25^ )=^  (^Ari)S)„ 
Where there is no inbreeding, r + s goes from one to the 
number of loci segregating, 2p^  ^is the numerator of Wright's 
coefficient of relationship, or twice Malecot's "Coefficient 
de parente", and is the probability that the two genes at 
a locus in individual x are identical by descent with the two 
genes at that, locus in individual y. This derivation was 
based on the assumed relation, P^ =G^ +E +G + E , 
' X ox ox mw mw' 
where represents the phenotypic value of individual x, 
Ggx and are genotypic and environmental values respectively 
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of individual x for offspring component and and are 
the genotypio and environmental values of individual w for the 
components of maternal effect. For Py individuals j and z 
contribute components o and m respectively (i.e. Py = + 
Boy + ^ 212 + ) • 
from the general expression given above, the expected 
compositions of the genotypic covariances between cousins were 
computed as follows: 
Gov. (double first cousin, sire full-site and dam full-
,2 . ^  o v2 slbs) = 0.25 + 0.5 «4 + 0.5 <f^ ) + 
Gov, (maternal first cousin) = 
6.125 <r? + 0.5 (^ 1 +V. . + 0.5 (TS ) + . . . 
•Û-0 -(im -^ o-^ m -^ m 
The estimate of df + k + 0.5 may be obtained from the 
•^ m -^ o-^ m -Um 
cousin components of variance by subtracting the contributions 
from additive genetic variance. The additive genetic vari­
ances were estimated from the sire components of variance, 
under the assumptions that the non-genic contributions to the 
P p 
sire components from such sources as . , of * a » • • • 
•o-O-o-O -^ o-^ o-^ -o 
are negligible. 
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V. RESULTS MD DISCUSSION 
A, Description of Data 
The unadjusted phenotypic means of preweaning and post-
weaning gains of the two "breeds by year-season, parity, and 
sex are presented in Table 4, The observed differences between 
the phenotypic means should be interpreted with caution, since 
the contrasts between the observed means are not entirely 
orthogonal to other effects because the pigs were unequally 
distributed over other effects, as shown in Table 1. 
Over the period of seven year-seasons included in this 
study, the preweaning gain of both breeds tends to increase 
slightly, although inconsistently. The postweaning gain of 
the Hampshire pigs shows the same trend of increase. The 
observed time trends could have resulted in part from the fact 
that more of the pigs were produced by older dams in the later 
year-seasons. The postweaning gains of pigs in the spring and 
fall of 1961 are somewhat smaller than in other year-seasons. 
This suggests that in I96I the management and perhaps other 
conditions affected the growth of pigs adversely. 
Both preweaning and postweaning gains appear to increase 
as parity increases. During the postweaning periods the Duroc 
pigs outgained the Hampshire distinctly, while the Hampshires 
gained, on the average, slightly more than the Durocs during 
the preweaning period. The breed difference in preweaning gain 
in favor of.the Hampshire increased after the dams became 
Table 4. Phenotypic means of the two breeds by year-season, parity and sex (in 
pounds/ , • 
Puroc ' Hampshire 
Season Year Ho; Preweaning ' Pdstweaning Ho. Preweaning Pdstweaning 
Spring I960 209 22.3 165 171 23.9 132 
Fall I960 652 24.6 169 551 21.4 136 
Spring 1961 868 22.1 142 646 23.4 122 
Fall 1961 668 21.1 144 663 21.4 131 
Spring 1962 710 25.5 170 805 26.0 156 
Fall 1962 709 22.4 164 823 23.1 144 
Spring 1963 • 883 27.1 168 990 27.9 154 
Parity 
First 2,110 21.5 154 2,021 21.4 133 
Second 1,563 25.5 161 1,488 25.8 146 
3rd - 5th 1,026 26.1 169 1,140 27.4 152 
- Sex 
Male 2,249 23.9 165 2,336 24.4 147 
Female 2,450 23.7 155 2,313 24.1 137 
Total 4,699 23.8 160 4,649 24.3 142 
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older. Indicating some Interactions between breed and parity 
for preweaning gain. 
B, Influence of Extraneous Factors 
The least.square estimates of the effects of sex and 
litter size obtained by solving the normal equations are given 
in Table 5 and Table 6, together with their standard errors. 
The effects of sex oh postweaning gain were highly sig­
nificant in all breed-treatment groups. The barrows consist­
ently gained approximately ten pounds more than the gilts 
during their postweaning growth period. Although the sex 
differences varied somewhat among the eight breed-treatment 
groups, this variation did not reach statistical significance. 
The sex differences were roughly of the same size among the 
different season-age groups within a breed-treatment group, 
although close examination of the data indicated that sex 
differences in postweaning gain were slightly less consistent 
over the season-age groups of offspring by irradiated sire and 
unirradiated maternal grandsires, as compared with the . 
offspring in the other three treatments. 
The preweaning gain of pigs was definitely less influenced 
by differences in sex than the postweaning gain. The sex 
differences in preweaning gain were small. In three groups 
the direction of the sex effects was reversed in that the 
females were slightly but not significantly heavier at 42 days. 
However, in the three groups where the sex differences reached 
Table 5» Least square estimates of the effect of sex with, their standard errors 
Untreated^  MGS treated^  Sire treated^  Both treated^  
Ust. ' S.D, Est, ' S.l, Est, 8,2. Est. 8.3. 
(A)/ Pre-weaning gain 
Duroc 
Male 
Female 
0.28 
-0,28 
0.12 
0.12 
0.16 
-0.16 
0.16 
0.16 
-0.11 
0.11 
0.15 
0.15 
—0.08 
0.08 
0.17 
0.17 
Hampshire 
Male 
Female 
-0.05 
0.05 
0.12 
0.12 
0.36 
-0.36 
0.16 
0.16 
0.31 
-0.31 
0.13 
0.13 
0.12 
-0.12 
0.16 
0.16 
(B) , Postweaning gain 
Duroo. 
Male 
Female 
6.07 
-6.07 
0.62 
0.62 
5.19 
-5.19 
0.82 
0.82 
4.68 
-4.68 
0.71 
0.71 
5.53 
-5.53 
0.84 
0.84 
Hampshire 
Male 
Female 
4.31 
-4.31 
0.66 
0.66 
5.36 
-5.36 
0.78 
0.78 
5.03 . 
-5.03 
0.72 
0.72 
6.38 
-6.38 
0.81 
0.81 
U^ntreated = both sire and maternal grandsire unirradiated. 
b • MGS treated = sire unirradiated and maternal grandsire irradiated. 
°Sire treated = sire irradiated and maternal grandsire unirradiated. 
B^oth treated = both sire and maternal grandsire irradiated. 
Table 6, Least square estimates of the effects 
errors 
Litter Untreated MQ-S treated 
. size No. Est. S.E. No, ' Hs't,' ' B.2. 
(A) Preweanlng gain 
Dur 00 
1- 3 39 0.11 0.73 27 0.63 0.88 
4 41 3.15 0.73 35 0.22 0.79 
5 85 0.82 0.51 66 -0.03 0.58 
6 124 2.96 0.43 69 0.24 0.59 
7 185 0.92 0.37 117 0.33 0.48 
8 221 -0.03 0.35 136 0.44 0.44 
9 280 -0.37 0.32 167 0.25 0.41 
10 251 -1.68 0.33 201 0.03 0.40 
11 190 -1.92 0.38 63 -1.21 0.65 
12-13 120 
-3.97 0.45 25 -0.89 0.94 
Hamushire 
1-3 32 1.02 0.78 23 -1.98 0.88 
4 44 -1.88 0.68 32 3.09 0.76 
5 126 1.77 0.42 53 0.92 0.60 
6 155 -0.12 0.40 74 1.91 0.53 
7 266 0.55 0.32 113 -0.48 0.45 
8 268 0.16 0.32 143 -0.40 0.41 
9 292 -0.50 0.32 168 -1.49 0.37 
10 237 -1.68 0.34 100 -1.28 0.54 
11 63 0.54 0.61 85 0.11 0.53 
12-13 45 0.13 0.67 58 -0.40 0.58 
of litter size with their standard 
Sire treated Both treated 
No. Est. S.E.' No. Est. S.E. 
13 0.04 1.38 14 2.09) 1.92 
75 3.42 0.62 19 0.18 1.06 
78 1.64 0.61 49 0.38 0.68 
129 0.74 0.51 81 -0.38 0.55 
195 1.34 0.43 128 -0.74 0.46 
251 0.69 0.40 143 1.06 0.45 
215 0.78 0.41 217 -0.49 0.40 
260 
-0.27 0.40 108 -0.10 0.50 
120 -2.29 0.51 71 -0.33 0.71 
57 -5.99 0.71 34 -1.67 0.89 
38 0.07 0.74 22 4.95 0.94 
28 4.72 0.84 26 0.14 0.86 
116 . 2.19 0.44 71 1.27 0.55 
185 1.37 0.38 93 0.86 0.52 
183 0.77 0.38 77 0.44 0.54 
254 0.82 0.34 155 1.11 0.42 
226 -1.01 0.34 169 0.19 0.40 
245 -2.54 0.34 164 -2.43 0.39 
128 
-2.37 0.45 33 -3.23 0.79 
25 -4.01 0.90 34 -3.31 0.82 
Table 6 (Continued) 
Litter Untreated MGS treated Sire treated Both, treated 
size Est. • S.E. Est. S.E, Est, 8.E, Est. S.E. 
(B) Postweaning : gain 
Duroo 
1- 3 3.5 3.6 2.2 4.5 13.7 6.6 10.0 6.1 
4 10.2 3.6 2.8 4.0 ; 16.7 3.0 8.0 5A 
5 5.9 2.5 1.1 3.0 6.0 2.9 - 1.1 3.5 
6 - 1.0 2.1 -1.9 3.0 1.0 2.4 1.5 2.8 
7 1.5 1.8 -3.3 2.4 0.7 2.1 - 3.5 2.3 
8 - 3.4 1.7 3.3 2.5 - 5.4 1.9 0.8 2.3 
9 - 3.2 1.6 -5.0 2.1 0.9 2.0 - 3.4 2.0 
10 - 2.8 1.6 1.1 2.1 - 2.3 1.9 -14.1 2.5 
11 - 3.2 1.8 -0.1 3.3 - 7.5 2.5 6.3 3.6 
12-13 - 7.6 2.2 -0.2 4.8 -23.8 3.4 - 4.7 4.5 
HamDshire 
1-3 5.2 4.3 -2.7 4.4 2.6 4.2 21.8 4.8 
4 - 2.6 3.7 3.6 3,8 14.4 4.8 - 9.5 4.4 
5 0.9 2.3 5.5 3.0 9.2 2.5 0.8 2.8 
6 - 7.1 2.2 1.8 2.7 0.8 2.2 - 3.3 2.7 
, 7 - 0.4 1.8 0.8 2.2 - 2.4 2.2 7.9 2.7 
8 - 0.7 1.7 3.0 2.0 - 3.9 2.0 - 0.6 2.2 
9 - 6.4 1.8 -5.3 1.8 - 0.7 2.0 - 1.5 2.1 
10 - 2.6 1.9 0.6 2.7 . -13.5 2.0 - 3.7 2.0 
11 5.5 3.3 -4.9 2.7 - 6.1 2.6 -24.8 4.0 
12-13 8.2 3.7 -2.3 2.9 - 0.5 5.2 13.0 4.2 
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statistical significance, the male pigs were consistently 
heavier at weaning, 
The effects of sex on postweaning gain found in this 
study agree with those obtained by Russell (1930), Whatley 
(1939)y Oobb (1952), Anderson (1954), and Park (1962). 
Jonsson (1957) observed that gilts outgained barrows under 
individual feeding at the Danish swine testing station. This 
is in marked contrast with the results obtained under group 
feeding. The sex effects on preweaning gain observed in this 
study agree with the report of Bywaters (1937) that the 
effects were too small to be of practical importance. Since 
only a negligible fraction of the variance of preweaning gain 
was ascribed to the sex differences, the adjustment for sex 
differences was made only for postweaning gain. 
The constants for litter size, when compared with the 
size of their standard errors, suggest significant influences 
of litter size on preweaning and postweaning gains of pigs 
in most of the breed-treatment groups. Generally, the larger 
litters tend to gain less during both the preweaning and the 
postweaning growth period, although the negative relations 
between litter size and gains were not exactly linear. How­
ever, the deviation from linearity may not be serious since 
the constants for the two extreme litter sizes were estimated 
with relatively fewer numbers of observations as shown in 
Table 6, 
The effects of crowding analogous to those observed here 
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for litter size in pigs were also reported in Drosophlla. 
Deities and TouctLberry (1961 ) found that a negative non-
genetic path exists in the inheritance of body weight in 
Drosophila and that it operates through number of offspring, 
Clayton and Robertson (1955) also observed some complications 
that arise from the differences in the degree of crowding in 
the irradiated lines. 
Differences between offspring by control and by irradiated 
sires in some aspects of the estimated constants for litter 
size may be observed. First, as the litter size becomes large, 
the constants tend to decrease more in the groups by irradiated 
sires than in the groups by control sires. Secondly, the con­
stants appear to be more variable over the different litter 
sizes, particularly for the two extremes, in the groups by 
irradiated sires than in the groups by control sires. 
The pigs in the larger litters presumably meet more 
severe competition from their littermates for dam's milk during 
preweaning period and for feed, water, and other things such 
as space after they are weaned and are being raised in a pen 
of size 8 feet by 16 feet. The differences in the surrounding 
environments due to litter size could have affected the off­
spring by control and by irradiated sires to a somewhat 
different extent, if the offspring from irradiated sires were 
more susceptible to the differences in environments. 
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0. Treatment Differences in the Means 
of Offspring 
The differences between the gains of pigs by control and 
by,irradiated sires measure the change in the mean due to the 
paternal irradiation, expressed in the first offspring genera­
tion, whereas the differences between maternal grandslre 
treatments measure the change in the mean due to the irradi­
ation, expressed in the second offspring generation through 
the maternal side. 
The weighted and unweighted estimates of the main effect 
of sire treatment, that of maternal grandslre treatment, and 
the interaction between sire treatment and maternal grandslre 
treatment separately for the five different groups and for the 
two breeds are presented in Table 7 and Table 8, together with 
their standard errors. The estimates are given for the five 
different groups separately at first, since the results from 
the first two groups were previously reported by Willham and 
Oox (1962), and they had designated the two groups as experi­
ment I and experiment II based on the criterion that the dams 
used in experiment I were purchased from farmers and in 
• 
experiment II the dams used were from the litters produced in 
experiment I. Since then, data were obtained in three addi­
tional year-seasons, and the data in each year-season provided 
approximately the same amount of information as each of the 
two previous experiments. No essential differences, however, 
appear to exist between experiment II and the experiments 
Table 7. Weighted estimates of the main effect of sire treatment, that of maternal 
grandslre treatment (control-irradiated), and the interaction between sire 
treatment and maternal grandslre treatment for five different groups 
Pur 00 HEimpshire 
Group Sire 
tmt 
MGS 
tmtb 
Inter­
action 
S.E. Sire 
tmt tmt^  
Inter­
action 
S.E. 
(A) Pre weaning gain-
Expt. I 
Expt. II 
Spring,.62 
Fall, 62 
Spring, 63 
0.01 
-0.78 
-0.02 
1.71 
-0.45 
0.76 
-0.57 
1.35 
-0.11 
-0.19 
0^.21 
-0.38 
-1.30 
0.33 
0.35 
0.43 
0.41 
0.37 
1.67 
-1.52 
1.50 
-0.39 
0.76 
0.37' 
1.20 . 
1.90 
-0.36 
0.61 
-0.39 
0.06 
-0.27 
0.33 
0.34 
0.38 
0.37 
0.33 
(B) Postweaning gain 
Expt. I 
Expt. II 
Spring, 62 
Fall, 62 
Spring, 63 
2.5 
-1.4 
1.9 
3.4 
-1.9 
2T8 
-1.2 
1.5 
3.5 
—0.6 
0.2 
-0.4 
2.2 
1.5 
1.7 
2.1 
2.0 
1.8 
15.8 
-8.9 
4.9 
1.1 
4.3 
V 
2.2 
3.5 
5.0 
-0.4 
0.5 
-3.3 
3.3 
• 0.1 
2.0 
1.7 
1.9 
1.8 
1.6 
*The term "group" is used here to designate the five different sets of data as 
classified in Table 7. 
M^GS tmt is the abbreviation for maternal grandslre treatment. 
Table 8. Unweighted estimate of the main effect of sire treatment, that of maternal 
grandsire treatment (control-irradiated), and the interaction "between sire 
treatment and maternal grandsire treatment for five different groups 
\ 
Duroo Hampshire 
Group Sire MGS Inter­ S.E. Sire MGS. Inter­ S.E. 
V 
tmt tmt action tmt tmt action 
(A) Preweaning gain 
Expt, I -0.38 « mm 0.48 0.94 _ •• 0.45 
Expt. II —0,68 0.49 0.23 0.38 -1.39 0.40 0.70 0.35 
Spring, 62 -0.03 -0.90 -0.29 0.49 1.30 1.90 0.03 0.42 
Fall, 62 1.92 1.44 -0.13 0.48 -0.35 1.67 0.54 0.40 
Spring, 63 0.65 -0.47 -1.08 0.50 1.37 -0.98 -0.36 0.37 
(B) P.ostweaning gain 
Expt. I -0.6 — — 2.3 17.9 _ 2.7 
Expt. II 
-2.9 3.8 1.9 1.9 -9.0 2.0 0.4 1.7 
Spring,.62 2.6 -1.6 0.8 2.4 4.5 3.9 -2.5 2.1 
Fall, 62 4.3 4.8 -2.6 2.4 2.8 6.4 4.5 2.0 
Spring, 63 -1.5 3.0 2.6 2.5 5.4 -2.0 -0.6 1.8 
\ 
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conducted In the subsequent three year-seasons thereafter. In 
•which all dams used were from the litters produced within the 
project. 
Table 9 shows the weighted and unweighted estimates of 
the main effect of sire treatment, that of maternal grandsire 
treatment, and the interaction between sire treatment and 
maternal grandsire treatment pooled over the five groups. 
The analysis of variance for the experiment where the 
purchased dams were used is given in Table 10 A. Table 10 B 
shows the analysis of variance for the experiment where the 
dams used were produced within the project. Since the inter­
actions involving blocks are statistically significant in some 
cases, the mean squares due to the main effects given in Table 
10 A and Table 10 B may be biased. In an attempt to obtain 
unbiased sums of squares due to the two main effects and 
interaction between sire treatment and maternal grandsire 
treatment, the method of weighted squares of means was 
employed. The results obtained by this method are shown in 
Table 11. 
The maternal grandsire treatments appear to have small 
but significant influences on both preweaning and postweaning 
gains. On the average, the pigs with irradiated maternal 
grandsires were roughly half a pound lighter at weaning, and 
during postweaning growth period they gained about two pounds 
less than the pigs with control maternal grandsires, although 
the differences between maternal grandsire treatments appear 
to be slightly larger in Hampshire than in Duroc. As shown in 
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Table 9. Weighted, and unweighted estimates of the main effect 
of sire treatment, that of maternal grand.slre treat­
ment (control-flrrad-lated), and. the Interaction between, 
sire treatment and maternal grandsire treatment 
pooled over the groups 
(A) Weighted estimates 
Preweanlng gain 
Sire tmt 
MG-S tmt 
Interaction 
ÎPostweanlng gain 
Sire tmt 
MGrS tmt 
Interaction 
Duroc 
Estimate 
0.01 
0.38 
- 0.55 
0.83 
1.93 
0.36 
S.E. 
0.17 
0.19 
0.19 
0.81 
0.96 
0.96 
Hampshire 
Estimate S.E. 
0.40 
0.69 
0.02 
2.67 
2.39 
0.20 
0.16 
0.18 
0.18 
0.79 
0.87 
0.87 
(B) Unweighted estimates 
Duroc 
Preweanlng gain 
Sire tmt 
MGS tmt 
Interaction 
Postweanlng gain 
Sire tmt 
MG-S tmt 
Interaction 
Estimate 
0.30 
0.14 
-0.32 
0.40 
2.51 
0.68 
S.E. 
0.21 
0.23 
0.23 
1.02 
1.14 
1.14 
Hampshire 
Estimate S.E. 
0.34 
0.75 
0.23 
2.79 
2.55 
0.42 
0.18 
0.19 
0.19 
0.89 
0.95 
0.95 
Table lOA, Analysis of variance for the experiment where the purchased dams were 
used (mean squares) 
Duroo Hampshire 
Source D.P. Preweaning 
gain 
Postweanihg 
gain 
D.F. Preweaning , 
gain 
Postweaning 
gain 
Blocks 3 839.1* 32,785* 3 1,869.3* 2,827^  
Sire treatments 1 0.0 2,052 1 731.9* 65,380* 
Blocks X sire tmts 3 47.8 3,761* 3 101.9^  561 
Within subclass 1,291 34.5 757 1,042 27.8 994 
^p < 0.01 
p^ < 0.05 
Table lOB. Analysis of variance for the experiment where the dams used were 
produced within the project (mean squares) 
Pur 00 Haiupshire 
Source D.P. freweaning 
gain 
fostweaning 
gain 
D.F. Preweaning 
gain 
Postweaning 
gain 
Blocks 11 3,022.8* 57,164* 11 3,474.0* 66,329* 
Sire treatments 1 0.1 22 1 1.0 7 
MGS treatments 1 111.6^  2,797* 1 402.3* 4,846* 
Sire tmts x MGS tmts 1 224.5* 96 1 0.4 35 
Blocks X sire tmts 11 118.3* 1,269* 11 164.9* 3,461* 
Blocks X MGS tmts 11 95.3* 1,045 11 197.2* 1,115 
Blocks X sire tmts 
X MGS tmts 
11 61.3^  2,400* 11 88.8* 1,093 
Within subclass 3,352 28.4 691 3,551 26.5 638 
^p < 0.01 
p^ < 0.05 
Table 11, Analysis of variance by the method of weighted squares of means 
(mean squares) 
Pur00 Hampshire 
Source D.F, Preweanlng Postweanlng D.P. Preweanlng Postweanlng 
gain gain gain gain 
(A) for the experiment where the purchased dams were used 
Sire treatments 1 53.5 50 1 71.1 43 ,701% 
Within subclass 1,291 34.5 757 1,042 27.8 994 
(B) for the experiment where 
. . within the project 
the dams used were produced 
Sire treatments 1 113.5^  220 1 38.9 615 
MGS treatments 1 10.4 3 ,336% 1 395.9* 4 ,614^  
Sire tmts x MGS tmts 1 3.0 248 1 37.6 128 
Within subclass 3,352 28.4 691 3,551 26.5 638 
-^p < 0.01 
P^ <E:0.05 
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Table 10 B, the interactions "between block and maternal grand-
sire treatment were not significant for postweaning gain but 
were highly significant for preweaning gain. This indicates 
that the effects of maternal grandsire treatment on postwean^  
ing gain were somewhat consistent over the different blocks* 
while those on preweaning gain were inconsistent over thé 
blocks. When the main effects of maternal grandsire treatment 
on postweaning gain given in Table 7 and Table 8 were pooled 
over the two breeds, the estimates became consistently posi­
tive. The weighted estimates for the four groups are: 2.5» 
1.4, 3.4, and 1.4 for postweaning gain, and 0.6, 0.4, 1.6, and 
-0.2 for preweaning gain. 
The pigs with irradiated grandsires are expected to have 
approximately one quarter of their genes^  from the grandsire 
which was treated with 300 roentgens of X-rays, However, 
several stages of sampling or selection may exist along the 
path from the treatment of maternal grandsires to the expres­
sion of the phenotype for a group of offspring. These 
samplings are; 
1. Selection among the irradiated grandsires. This 
may occur due to the reproductive failures of some 
males. 
2. Sampling among gametes of irradiated grandsires. 
3. Selection among offspring from the gametes sampled. 
T^he term "gene" was used here as a unit of function in 
inheritance (Sinnottet al. 1958). This term may be replaced 
by cistron as defined by Benzer (1957). 
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This may occur due primarily to high mortality 
of pigs soon after birth. 
4. Sampling involved in selection of dams. 
5. Sampling among gametes of selected dams and 
among offspring from the gametes sampled. 
The harmful genetic changes such as dominant lethals or 
gross chromosome aberrations that may be produced from 
X-irradiation are expected to be screened out by the second 
and third stages of sampling. The fourth stage of sampling 
was intended to be minimized by choosing the replacement 
dams at random, but some unintentional selections of dams 
could have been operating due to such factors as fertility. 
The sires, control or irradiated, could also have been 
selected unintentionally due to their ability to make a female 
conceive and to sire a viable litter. 
The decrease in preweaning and postweaning gains of pigs 
by irradiated maternal grandsires may be ascribed to the 
radiation-induced genetic changes in the genetic make-ups of 
offspring themselves and in those of their dams. The effects 
of radiation-induced mutations in the genotypes of the off­
spring themselves are confounded with the maternal effects 
that may be expressed in offspring due to the fact that the 
dams' themselves have about half of their genes from irradiated 
sires. The importance of maternal effects on preweaning and 
postweaning gains will be examined later. However, it probably 
does not matter very much whether the observed effects of the 
maternal grandsire treatment were due to changes in pig's own 
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genotypes or in their dam's genotypes, so long as the effects 
•were real, since either or both of the above two possibilities 
may be regarded as genetic effects of irradiation. 
The interactions between sire treatment and maternal 
grandsire treatment were not important in most of the cases. 
The weighted estimate of the interaction for preweaning gain 
of Dur00s given in Table 9 is the only one that reached 
statistical significance. However, the unweighted estimate 
of the same parameter was not significant, suggesting a 
possibility that the weighted estimates of the main effects 
and interaction for preweaning gain of Durocs may contain some 
contributions from interactions involving blocks. The small 
values of the interactions between sire treatment and maternal 
grandsire treatment indicate that the effects of the maternal 
grandsire treatment are about the same for pigs by control 
sires and for those by irradiated sires. 
The estimates of the main effect of sire treatment for 
both preweaning and postweaning gains were inconsistent not 
only over the five different groups but also over the blocks 
within groups. Consequently, the interactions between sire 
treatment and block were highly significant in most cases as 
shown in Table 10. In addition, the three way interactions 
among block, sire treatment, and maternal grandsire treatment 
were significant in all cases except for postweaning gain of 
Hampshires. 
The main effects of sire treatment pooled over all blocks 
show that the offspring by irradiated sires gained, on the 
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average, slightly less than the offspring by control sires 
(Table 9). The differences between sire treatments are some­
what larger in Hampshires than in Durocs, The larger effects 
of sire treatment in Hampshires appear to come chiefly from 
experiment I, However, the breed differences In the pooled 
estimates of the main effect of sire treatment in Table 9 did 
not reach statistical significance In any case. 
/When the separate estimates of the main effects of sire 
treatment were pooled over the two breeds, the offspring by 
control sires were favored in both preweaning and postweaning 
gains over those by Irradiated sires in four out of five 
groups. The pooled estimates for the five groups are: 0,8, 
-1,2, 0,8, 0,6% and 0,2 for preweaning gain, and 8,5, -5.3, 3. 
2,2, and 1,4 for postweaning gain. In experiment XI the pigs 
by irradiated sires were consistently favored for both traits 
in both breeds, Wlllham and Oox (1962), based on the data 
from the first two groups, discussed extensively the probable 
causes of the observed reversal of the effects of sire treat­
ment, The additional data obtained in the three subsequent 
year-seasons show smaller values of treatment differences all 
in favor of offspring by control sires. 
Under the presence of the significant Interactions 
between block and sire treatment, the meaning of the main 
effect of the sire treatment averaged over the blocks is some­
what dubious. The significant Interactions between block and 
sire treatment Indicate that the effects of sire treatment are 
different, depending on the blocks in which the treatments 
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were applied. The different blocks represent the differences 
in numerous factors connected with year, season, and age of 
dam. 
The tests of significance for the main effects of sire 
treatment and maternal grandsire treatment and for the inter­
action between sire treatment and maternal grandsire treatment 
were performed, considering the blocks as fixed. If we con­
sider the blocks as random, under the somewhat unrealistic 
assumption that the blocks were a random sample from an 
Infinite population, none of the three, effects appear to be 
significant except for the sire treatment for postweaning gain 
of Sampshires in experiment I, 
D, Treatment Differences in the Variances 
of Offspring 
The effects of irradiation on genetic and phenotypic 
variances of offspring generations are of primary interest to 
animal breeders* since the genetic variation within a popula­
tion is the raw material from which the genetic advances of 
a population mean may be brought about by selection (Lush, 
1945). 
The phenotypic variances within season-age group ( 6^ /) 
for offspring by control and by irradiated sires computed 
separately for the two breeds and also on the pooled basis are 
as follows: 
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Preweaning pain Postweanliig gain 
Oontrol Irradiated Oontrol Irradiated 
Dur00 28,8 
shire 26,3 
Pooled 27.6 
The interactions between sire treatment and breed were not 
significant in the two by two tables. Since the number of 
by control and by irradiated sires were about equally repre­
sented over other classifications such as year-season, age of 
dam, and breed, the treatment comparisons on the pooled basis 
may not be seriously misleading, even if some real differences 
in variances had existed among other classifications. 
The phenotypic variances of offspring by irradiated 
sires were larger than those of offspring by control sires for 
both preweaning and postweahing gains. The differences in the 
phenotypic variances between offspring by control and by 
irradiated sires were highly significant for postweaning gain 
and were on the border line of significance for preweaning 
gain when tested by Bartlett's test. 
The differences in variabilities between pigs with control 
and with irradiated maternal grandsires were also examined with 
the data obtained from offspring born from the dams produced 
within the project. In this set of data classified as season-
age code 5-16, the pigs with control and with irradiated mater­
nal grandsires were about equally frequent over different . 
classifications, such as sire treatment, season-age, and breed. 
The phenotypic variances within season-age group ( ) 
31.5 662 761 
27.3 644 797 
29.4 653 779 
51 
for pigs with control and with irradiated maternal grandsires 
are given below separately for the two breeds and on the 
pooled "basis: 
Preweaninp: pain Postweaning gain 
Control Irradiated Control Irradiated 
Duroc 31.0 .26.0 701 682 
Hampshire 27.5 25.3 670 603 
Pooled .29.1 25.7 684 643 
The interactions between breed and maternal grandsire 
treatment were not significant for either preweaning or post­
weaning gains. The phenotypic variances of pigs with irradi­
ated maternal grandsires were smaller than those of pigs with 
control maternal grandsires by 12 per cent of control for 
preweaning gain and by 6 per cent for postweaning gain. The 
differences were significant for preweaning gain and were on 
the border line of significance for postweaning gain when 
tested by Bartlett's test. 
The average effect of sire treatment and that of maternal 
grandsire treatment on variabilities of offspring examined so 
far may.become somewhat meaningless, if the interactions 
between sire treatment and maternal grandsire treatment were 
important. The main effect of sire treatment, that of maternal 
grandsire treatment (control - irradiated), and the inter­
action between sire treatment and maternal grandsire treatment 
on phenotypic variances within treatment-season^ age group were 
estimated with the data classified as season-age code 5-16. 
The following table shows the estimates of main effect of sire 
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treatment, that of maternal grandsire treatment, and the inter­
action "between sire treatment and maternal grandsire treatment, 
together with their approximate standard errors computed by 
the formula given by Kempthorne (1952, page 106-113); 
- - M.E. of M.E. of - • 
Preweaning gain sire tmt MGS tmt Interaction S,E. 
Duroc 
Hampshire 
Pooled 
Postweaning gain 
Duroc 
Hampshire 
Pooled 
The interactions between sire treatment and maternal 
grandsire treatment estimated from the analysis pooled over the 
two breeds were not significant for either preweaning or 
postweaning gains. Reasons for significant interactions for 
preweaning gain of Duroc and for postweaning gain of Hampshire 
are not immediately clear except for the possibilities of 
encountering unusually large sampling variations. 
To determine further the nature of the variations that 
might have been induced by irradiation of sire, the usual 
hierarchal analysis of variance for sire within season-age 
group, dams within sire, and pigs within dams were performed 
separately for the eight breed-treatment groups. Table 12 
shows the variance components and their standard errors 
obtained for offspring from purchased dams. . The results for 
offspring from the dams produced within the project are 
presented in Table 13. 
-2.6 9.9 -8.7 2.8 
-3.1 4.3 3.4 2.5 
-2.6 6.8 —2.6 1.9 
-115 36 - 43 68 
-114 132 204 60 
-108 81 82 45 
Table 12. Variance components from the nested analysis of variance for offspring 
from purchased dams with their approximate standard errors 
Component Control 
Est. S.E. 
Preweaning gain 
Sire treated 
Est. S.E. 
Control 
Est. S.E. 
Postweaning gain 
Sire treated 
Est. S.E. 
Duroc 
1.5 1.8 5.2 4.2 96 49 129 85 
11.5 2.3 18.5 3.9 91 26 264 62 
19.Û 1.1 17.3 1.1 500 28 533 34 
32.0 3.1 41.0 5.8 687 63 926 111 
Hampshire 
\ 
2.1 2.2 - 1.2 1.3 76 51 139 110 
10.7 2.4 13.4 2.9 120 39 394 94 
16.4 1.1 15.7 1.0 579 39 758 50 
4 29.2 3.5 27.9 3.4 775 75 1,291 153 
Table 13. Variance components from the nested analysis of variance for offspring 
from the dams produced -within the project, with their approximate 
standard errors 
Component Untreated MGS treated Sire treated Both treated Est. S.B. Est. S.E. Est. 8.E. Est. S.E 
(A) Pre weaning gain 
Duroc 
- 5.3 2.8 - 1.0 2.6 2.2 3.2 2.0 2.0 
15.9 3.9 11.9 3.1 11.5 3.4 7.3 2.0 
18.1 1.0 17.5 0.9 21.5 1.2 16.2 0.8 
28.7 5.0 28.4 4.2 35.2 4.8 25.5 3.0 
HamiD shire 
1.5 2.2 - 0.2 2.0 - 1.1 2.5 — 2.8 2.5 
fa 10.9 2.4 7.9 2.2 . 13.4 3.1 13.4 3.2 
16.9 0.8 16.7 0.9 16.1 0.8 17.1 0.9 
28.7 3.4 24.4 3.1 28.4 4.1 27.7 4.2 
(B) Postweaning gain 
Duroc 
fs -78 53 -38 52 94 58 28 59 
Table 13 (Oontinued) 
r< m-n Tion+ Untreated MGS treated Sire treated Both treated 
uomponenx ggt. S.E. Est. S.E. Est. S.B. Est. S.E. 
6^ à 263 71 223 64 151 53 241 65 
<2g 488 26 494 25 524 28 460 24 
673 93 679 86 769 84 729 91 
Hampshire 
2^g 79 46 52 37 - 8 50 38 50 
161 42 106 35 238 59 186 53 
2^g 476 23 385 20 436 22 482 25 
716 66 543 55 666 81 706 77 
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The standard errors of the sire and dam components given 
in Table 12 and Table 13 are large due to the small number 
of degrees of freedom for dams within sire. None of the sire 
components of variance were significantly different from zero. 
To reduce the sampling variations of the variance components, 
another hierarchal analysis of variance for sires within 
breed-season-age group, dams within sire, and pigs within dam 
was performed separately for offspring by control and by 
irradiated sires. The results obtained from this analysis 
are presented in Table 14. 
All components of variance of postweaning gain and the 
dam component of preweaning gain were larger for offspring by 
irradiated sires than those by control sires. Clayton and 
Robertson (1955) also observed the larger phenotypic variances 
within generation for the irradiated lines compared with those 
of two control lines for the number of abdominal chaetae- in 
the inbred lines of D. melanogaster. 
The heritabilities of preweaning and postweaning gains 
estimated from the sire components of variance from the analy­
sis for offspring by control and by irradiated sires are given 
below, together with their approximate standard errors computed 
using the formula given by Osborne and Patterson (1952); 
Control sires Irradiated sires 
Estimate S.E Estimate S.E 
Preweaning gain 
Postweaning gain 
.09 
.24 
.09 
.08 
08 
24 
10 
09 
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Table 14. Hierarchal analysis of variance for sires within 
group, dams within sire, and pigs within dam for 
offspring by control and by irradiated sires 
Source D.F. 
Preweaning Postweaning 
• gain gain 
(A) Offspring by control sires (mean squares) 
Sires within group 
Dams within sire 
Pigs within dam 
231 
428 
4,128 
104.2 
89.3 
17.3 
(B) Offspring by irradiated sires (mean squares) 
Sires within group 
Dams within sire 
Pigs within dam 
221 
398 
3,878 
121.0 
101.9 
17.9 
(O) Ooefflcients of variance components 
% for dam component - dam m.s.) 
K2 (for dam component - sire m.s.) 
(for sire component) 
(D) Variance components 
Preweaning gain 
Control 
6.80 
7.20 
17.30 
2,274 
1,522 
480 
3,075 
2,103 
516 
Irradiated 
6.67 
7.38 
16.98 
Postweaning gain 
Control Irradiated Control Irradiated 
<fl 0.6 0.6 40 47 
4 10.6 12.7 153 238 
4 17.3 17.4 480 516 
28.5 30.7 674 801 
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The herltalaillty of postweaning gain (.24) obtained in this 
study agrees with most of previous estimates, reviewed by Park 
(1962). The preweaning gain of pigs appears to be less herit­
able than the postweaning gain. This result confirms the 
finding of Hazel et (194-3) that the weaning weight of 
pigs is not a good measure of hereditary growth rate. The 
heritability estimates were about the same for offspring by 
control and by irradiated sires. This suggests the possi­
bility that a considerable fraction of the increased phenotyplc 
variances of offspring by irradiated sires is not additively 
genetic. 
E. Treatment Differences in Skewness 
and Kurt0sis 
Table 15 shows the g]_ and gg values obtained for off­
spring by the eight breed-treatment groups. For the normal 
distribution, both g^  and gg are expected to be zero. Any 
departure from symmetry about the mean is measured by the ' 
statistic g^ , and the relative flatness or peakedness of the 
distribution is measured by the statistic gg. The standard 
errors given are for normal distribution and may be used to 
test the normality of population distribution. 
The g^  values were negative in all cases, indicating that 
the distributj,ons were skewed toward smaller gains, or there 
was an excess of the pigs gaining more than the average of the 
group. The negative g^ 's were highly significant in all of 
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Table 15. g]_ and gg computed with primary data and their 
- standard errors 
Control MGS Sire Both 
treated treated treated 
(A) g^  computed with primiary data 
(1) Preweaning gain 
Duroc -0.134 -0.136 -O.I69 -0.220 
Hampshire -0.120 -0.154, -0.178 -0.192 
(2) Postweaning gain 
Duroc' -0.88 -O.8O -1.14 -0.98 
Hampshire -0.99 -O.83 -0.91 -1.11 
(3) Standard errors of g^  
Duroc 0.063 0.082 0.066 0.084 
Hampshire O.O63 0.084 O.O65 O.O85 
(B) gg computed with primary data 
(1) Preweaning gain 
Duroc -0.284 0.235" -0.218 0.249 
Hampshire 0.137 0.048 0.03I -O.IO5 
(2) Postweaning gain 
Duroc 1.75 I.85 2.64 2.77 
Hampshire 2.11 1.76 I.6I 2.38 
(3) Standard errors of gg 
Duroc 0.125 0.163 0.132 0.167 
Hampshire 0.126 O.I69 O.13O O.I69 
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the breed-treatment groups for postweanlng gain, and reached 
statistical significance at the 5^  level In five of the eight 
groups for preweaning gain. 
The gg values were generally small and Inconsistent for 
preweaning gain but were positive and highly significant In 
all cases for postweanlng gain. The positive gg values Indi­
cate the concentration of pigs at or near the mean. The 
negative gg Is Indicative of a flat-topped distribution. How­
ever, the meaning of gg for sksw^ ed distribution appears to be 
somewhat dubious because the gg statistic Is based on the 
moments about the mean, and In a skewed distribution the mean 
Is different from the mode or median. 
The significant departure from normality, as revealed by 
examination of g^  and gg, suggests the transformation of data 
Into a suitable scale If such a scale exists. The following 
paragraph was. quoted from Lush (1948, page 120-122): 
A simple example Is geometric action where the 
effect of a gene Is to multiply the magnitude of a 
characteristic, rather than add to or substract from 
It. Such a multiplicative effect Is common among 
genes which affect measurements which are primarily 
of weight, volume, or area. , . But, If the primary 
data are first converted to logarithms and If the 
actions of the genes really are entirely multipli­
cative, the eplstatlc portion of the variance 
disappears, . . Where some genes are multiplicative 
and others affect the same character addltlvely, 
the log of X + k may be a still better transformation 
where k Is some constant which will give the desired 
results. 
In an attempt to measure the gains on a better scale for 
genetic analyses, the data were transformed Into ln(x+k) where 
X Is the observed gain and k Is a constant. The values of the 
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constant k were chosen to be approximately one third of the 
general mean, or 8.0 for preweanlng gain and 45.0 for post-
weanlng gain. 
The results obtained with the data transformed Into 
ln(x+k) are presented In Table 16. For postweanlng gain the 
gl values of control offspring were somewhat reduced by 
transformation, but the distributions of postweanlng gain of 
control offspring on the transformed scale were skewed 
slightly toward the larger gain or In the opposite direction. 
The distributions of postweanlng gain of treated offspring on 
the transformed scale were distinctly skewed toward the left 
In five groups and toward the right In one group. 
The g2 values of preweanlng gain on the transformed scale 
were consistently negative for offspring by control maternal 
grandslres and were positive for offspring by Irradiated 
maternal grandslres. The gg values of postweanlng gain of 
control offspring on the transformed scale are positive and 
large, indicating a heavy concentration of pigs near the 
arithmetic mean. The offspring by irradiated sires or irradi­
ated maternal grandslres had smaller or negative values of 
S2 on the transformed scale. Further discussions on these 
points will be given later when the over-all evaluations of 
the genetic effects of Irradiation are made. 
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Table 16. and gg computed with transformed data 
Control MxS Sire Both 
treated - trea-ted • treated 
(A) g]_. computed with transformed data 
(1) Preweaning gain 
Duroc -0.52 -1.00 -0.72 -l.ll 
Hampshire -0.61 -0.95 -0.66 -0.95 
(2) Postweanlng gain 
Duroc 0.43 -3.16 -3.24 -8.64 
Hampshire 0.66 -9.14 -1.58 +2.99 
(B) gg computed with transformed data 
(1) Preweaning gain 
Duroc -6.58 6.48 -2.60 9.50 
Hampshire -8.19 9.52 -6.25 7.94 
(2) Postweanlng gain 
Duroc 31.8 11.2 25.6 0.88 
Hampshire 36.3 -14.9 18.9 -0.28 
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F. Statistical Adjustment In Estimation 
of I^ rameters 
A purpose of adjusting data for some extraneous factors 
Is to obtain by statistical means the estimates that would 
have been obtained If the extraneous factors were controlled 
physically In the actual experiment. By adjusting data with 
proper correction factors, we generally expect to reduce the 
error variance and thereby to Increase the sensitivity of the 
experiment and also may eliminate bias from estimates when 
the factors are not proportionally distributed. 
Some pitfalls, however, may exist In the statistical 
adjustment of data. First, the correction factors used may 
not be the proper ones. This may happen If the models 
assumed to estimate the correction factors were not appro^  
prlate or the estimated correction factors were affected by 
some unknown effects confounded with the factors to be con­
trolled. Secondly, the statistical adjustment of data should 
leave the effects being studied unaffected, For example, 
when we are estimating the intrabreed herltabilltles of some 
economic traits, the statistical adjustment should not correct 
out the genetic variation within breed. The same is true for 
the case of the present study where the genetic effects of 
irradiation are being studied. 
The effects of statistical adjustments for the differ­
ences in sex and litter size on phenotyplc variances were 
studied by comparing the magnitude and distribution of the 
total variance within season-age groups, computed with 
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original and. adjusted data. 
The amounts that the phenotypic variance within breed-
season-age groups were reduced by statistical adjustments 
were expressed as percentages of the original variance and are 
given below separately for offspring of the four different 
treatments! 
Preweanlnp; p;a-ln Postweanlng gain 
Treatment Sex & litter size Sez Litter size 
Both sire and 
grandsire untreated 
Control sire and 
treated grandsire 
Treated sire and 
control grandsire 
Both sire and 
grandsire treated 
Pooled over treatments 
Due to the adjustment of data for differences in sex, 
approximately equal amounts of phenotypic variance of post-
weaning gain were reduced for different treatments, except 
probably for the third group where the offspring were from 
irradiated sires and control maternal grandsires. 
The additional reductions in variance of postweaning gain 
due to adjusting for litter size after sex are given in the 
last column of the above table. The offspring by irradiated 
sires had consistently larger reductions of variance than the 
offspring by control sires. The differences between sire 
treatments in the variance reductions were about the same for 
6.3 
3.2 
8.6 
5.5 
6.4 
4.0 
4.5 
2.4 
4.8 
3.7 
1.8 
1.6 
4.9 
5.8 
3.6 
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the two "breeds both in magnitude and in direction. 
The reductions in variance of preweaning gain by adjust­
ing for sez and litter size were less consistent over different 
treatments and breeds. The majority of the reduction in 
variance given in the first column of the previous table may­
be ascribed to the effects of litter size, since the effects 
of sez on preweaning gain appear to be small or negligible. 
Only 0.12 per cent of the total variance within breed-MGS 
treatment disappeared when the preweaning gain was adjusted 
for differences in sez. 
The adjustments for sez differences in the postweaning 
gain tend to reduce the pig components of variance mostly; the 
sire and dam components were affected to a lesser eztent. The 
adjustment for differences in litter size did not change the 
pig components, but generally reduced the dam components of 
variance. 
The variance components for sires within group, dams 
within sire, and pigs within dam, and the heritability esti­
mates based on the sire components, computed with the data 
adjusted for differences in sez and litter size, are presented 
below for offspring by control and by irradiated sires: 
Preweaning gain Postweaning gain 
Control Irradiated Control Irradiated 
0.95 
9.12 
17.28 
27.36 
.14 
1.03 
10.16 
17.36 
28.55 
14 
40 
.150 
480 
670 
24 
34 
216 
516 
765 
18 
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The heritabilltleB of preweanlng gain estimated from sire 
component of variance with, the data adjusted for sex and 
litter size were increased, as compared with those estimated 
with the unadjusted data. The heritability of postweaning 
gain estimated with the data adjusted for sex and litter size, 
when compared with those estimated with the data adjusted only 
for sex, shows little difference for the offspring by control 
sires, but is somewhat smaller for the offspring by irradiated 
sires. 
The components of covariances between preweaning and post­
weaning gains are shown below for offspring by control and by 
irradiated sires. The components given in the first and third 
columns are those between unadjusted preweaning gain and post­
weaning gain adjusted for sex. The components in the second 
and fourth columns are those between preweaning and postwean­
ing gains both adjusted for both sex and litter size. 
Irradiated 
Control sires • sires 
Sires within group 2,4 2,6 5,2 3,3 
Dams within sire 18,5 16,8 29.8 25.3 
Pigs within dam 43.3 43.3 41,9 41,9 
Total within group 64,2 62,7 76,8 70,5 
Genetic correlations ,48 ,42 ,98 ,56 
Phenotypic correlations ,46 ,46 ,49 ,48 
The genetic and phenotypic correlations between prewean-• 
ing and postweaning gains are given in the last rows of the 
above table. The estimate of the genetic correlation between 
preweaning and postweaning gains for offspring by irradiated 
sires was reduced from ,98 to ,56 by adjusting data for 
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differences in litter size. The adjustments for differences 
in litter size reduced the sire component of covariance 
between preweaning and postweaning gains of offspring by-
irradiated sires more than they reduced the sire components 
of variances of preweaning and postweaning gains. 
G. Maternal Effects 
The covariances between cousins were obtained by esti­
mating variance components from the. hierarchal analysis of 
variance for dam pairs within breed-season-age-MGS treatment 
group, litters within dam pair* and pigs within litters, as 
presented in Table 17. Each cousin pair consisted of a litter 
by a control sire and another litter by an irradiated sire. 
Therefore, the effects of sire treatment were ignored for this 
part of the study. The analyses were performed separately for 
offspring by purchased dams, and for offspring by dams produced 
in the project, to avoid the unnecessary assumption that the 
maternal effects and variance components are equal for the 
two groups. 
The unpaired single litters were excluded from the 
analysis to minimize the sampling errors in estimating genetic 
maternal effects by increasing the coefficients of .+ 
A^oAm + 0.5 in the genetic expectation of variance com­
ponents of dam pairs. A few of the litters included were 
unpaired, since the paternal first cousin pairs were not 
excluded and all pigs in a litter of some pairs died before 
reaching 154 days of age. The numbers of litter for three 
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Table 17A, Hlerarohal analysis of variance for dam pairs 
within group, litters within pair, and pigs 
within litter for offspring by purohased dams 
Source D.P. Preweanlng 
gain 
Postweaning 
gain 
Dam pairs within group 119 149.9 2,924 
Litters within dam pair 117 120.8 2,170 
Pigs within litter 1,619 17.8 605 
Variance components Preweanlng gain Postweaning gain 
Pair component 1. 4 44 
Litter component 14. 6 221 
Pig component 17. 8 605 
Table 17B. Hlerarohal analysis of variance for dam pairs 
within groups, litters within pairs, and pigs 
within litter for the offspring from the female 
produced in the experiments 
Source D.P. Preweaning Postweaning 
• ____ gain gain 
Dam pairs within group 24? 97.9 2,217 
Litters within dam pair 292 76.7 1,494 
Pigs within litter 3*422 16,1 467 
Variance components Preweanlng gain Postweanin^  gain 
Pair component 1.2 50 
Litter component 9.8 167 
Pig component 16.1 467 
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different types of pairs and the coefficients of and of 
O  ^ p 
+ AqAjq "*• 0*5 <2% 111 genetic expectations of variance 
components of dam pairs are as follow: 
Origin 
of 
dams 
Purchased dams 
Dams produced 
in project. 
Double 
.first 
c ousin 
142 
480 
Maternal 
first 
cousin 
92 
104 
Unpaired 
litter 
18 
31 
Origin 
of 
dams 
Purchased dams 
Dams prcfduced 
in project 
Coefficient 
for 
.174 
.206 
Coefficient 
for 
.433 
.452 
The additive genetic variance ( 6^ )^ was estimated as 2.48 
for preweaning gain and 176 for postweaning gain from sire 
components of variance in the analysis of variance pooled over 
sire treatment. By substracting the contribution of additive 
genetic variance from variance components of dam pairs, the 
2 2 
estimates of +. t 0.5 were obtained as given 
below: 
Preweaning gain 
Purchased dams 
Dams produced in project 
Pooled 
2.32 33.8 
1.49 27.1 
1.76 29.2 
6.9 
5.5 
6.0 
y 
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Postweanlng gain  ^
Purcliased dams 31.6 87I 3.6 
Dams produced in project 29.7 684 4.3 
Pooled 30.3 743 4.1 
• p 
The genetic maternal effects and covariance 
p . 
+ 0.5 accounted for about six per cent of the total 
variance for preweaning gain and about four per cent for post-
weaning gain. Although these estimates are apparently subject 
to large sampling errors, the present results indicate that 
the genetic differences in maternal effects of dams caused 
only a small part of the phenotypic differences in preweaning 
and postweaning gains of offspring. 
To obtain some rough ideas of the extent of total maternal 
influences on preweaning and postweaning gains, the differ-?-
ences between dam and sire components as computed d s 
from Table 10, are given below: 
Control sire Irradiated sire 
jL 
10.0 28.5 35 12.1 30.7 39 
113 674 17 191 801 24 
Preweaning gain 
Postweaning gain 
The differences between sire and dam components expressed as 
percentages of total variances were distinctly larger in pre­
weaning gain than in postweaning gain, suggesting that the 
maternal influences were more important for preweaning gain 
than for postweaning gain. The expected compositions of the 
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difference "between the two components may be found from 
Diokerson (1959). They include the genetic maternal effects 
and covariance estimated previously, one quarter of the 
dominance variance, and variance from environment that is 
alike for full-sib but differs among litters, for example, 
variance due to pen environment or litter size in the present 
study, 
H, Over-all Evaluation 
So far, the genetic effects of irradiating spermatogonia 
of sire and maternal grandsire on preweaning and postweaning 
gains of pigs were examined by comparing estimates of several 
parameters. It appeared useful to make an over-all evalu­
ation of the genetic effects of irradiation, based on the 
individual pieces of evidence obtained in the present study. 
The means of preweaning and postweaning gains of pigs by 
irradiated.sires and by irradiated maternal grandsires were, 
on the average, slightly smaller than those of pigs by con­
trol sires and by control maternal grandsires. The treatment 
differences observed are, however, only a small fraction of 
the general mean. The weighted and unweighted estimates of 
the main effect of sire treatment and that of maternal grand-
sire treatment given in Table 9 were expressed as percentages 
of the breed means, and are presented in the following 
table : 
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Weighted estimate Uhwelekted estimate 
Preweanlng gain Duroc Hampshire Ihiroc Hampshire 
Sire treatment 
MGS treatment 
0.0 
1.6 
1.6 
2.8 
1.3 
0.6 
1.4 
3.1 
Postveaning gain 
Sire treatment 
MGS treatment 
0.5 
1.2 
1.9 
1.7 
0.2 
1.6 
2.0  
1-.8 
'The effect of sire treatment on preweaning and postweaning 
gain varied considerably from block to block. 
Since the present breeds of swine have been selected for 
higher gains and for other economic traits under domesticated 
conditions, any random changes that the irradiation may 
induce in the genetic constitutions of animals are more likely 
to be harmful and to decrease the gains than to be beneficial, 
under the environments prevailing in the present experiment 
(Lush, 1948). 
However, it seems to be an erroneous oversimplication if 
we assume that every treated offspring was affected equally 
and unfavorably. If all of the treated offspring were 
affected" to an equal extent, only the mean would be shifted, 
leaving the statistics of second and higher orders unchanged. 
Obviously, this was not the result obtained in the present 
study. The majority of the radiation-induced genetic changes 
in preweaning and postweaning gains appeared to be directed 
toward smaller gains, although they were quite variable in 
direction and in magnitude of the changes. 
gains and that of maternal grandslre treatment on preweaning 
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The phenotypic variances of offspring by irradiated sires 
were larger than those of offspring by control sires by 7 
per cent for preweaning gain and by 19 per cent for postwean-
ing gain. A considerable part of the increased phenotypic 
variance of offspring by irradiated sires appear to be non-
additive genetic. Interactions between genotype and environ­
ment could have contributed to some extent to the increased 
phenotypic variances of offspring by irradiated sires, as 
supported by the observation that larger fractions of variance 
were attributed to differences in litter size in offspring by 
irradiated sires than in those by control sires. 
Two concepts of information theory, namely, redundancy 
and noise, appear to be useful for explaining some of the 
results obtained in the present study. The genetic informa­
tion is supposed to be carried in DHA in gametes in the form 
of specific base pair sequences (Beadle, 1958). Since radi­
ation is an excellent way of introduc^ j^ noise (Yockey, 1958), 
the irradiation of spermatogonia may be expected to introduce 
noise to the genetic information contained in the irradiated 
gametes. As a result of the noise introduced by irradiation, 
the variabilities of offspring by irradiated sires may be 
expected to be increased, depending probably on equivocation, 
redundancy, and environmental conditions provided to the 
animals, 
The linear model, x = z + e, is probably the simplest 
possible way of expressing how the paternal irradiation may 
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Influence the gains of pigs, where x is the observed gains, 
e is the effect of irradiation, and z is the gains that would 
have been obtained if the sire of the pig was not irradiated. 
If we make another assumption that both z and e are distri­
buted normally, and independently with meany^ a^nd and 
variance ^  and ^ |, x would also be distributed normally with 
meanand variance d* + 
Under the conditions assumed as above, (l) the mean of x 
may be different from that of z, depending on direction and 
magnitude of e*s; (2) the variance of x would be larger than 
that of z by When z and e are correlated, the difference 
between variance of x and that of z is + 2 cov (ez) instead 
of and (3) the skewness and kurtosis of x would not be 
different from those of z, provided that both z and e are 
distributed normally. The assumptions that z and e are 
normally and independently distributed and that they combine 
their effects additively may invalidate, to some extent, some 
of the consequences predicted above, since these assumptions 
may not be entirely justified. 
When the data were transformed into In (x+k) to linearize 
the relations, the distribution of postweaning gain of control 
offspring became somewhat symmetrical and extremely lepto-
kurtic, whereas the postweaning gain of treated offspring on 
the transformed scale were distinctly skewed and flat-topped, 
compared with control offspring. King (1963) from the view­
point of information theory, suggested that a population with 
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a •well-integrated gëiietic system would have a leptoJmrtio 
distribution, whereas a distribution exhibiting platykurtosis 
indicates a poorly-integrated genetic system. 
Practical applications of the spermatogonial irradiation, 
upon the genetic improvement of domestic animals appear to be 
a matter of speculation at the present moment. The slight 
decrease in the mean gains generally observed in the first 
and second generation offspring after irradiation of sires is 
not a desirable result to animal breeders. Judging from the 
evidence gathered in this study, it appears doubtful that 
animal breeders will find in the near future ways to utilize 
the spermatogonial irradiation profitably as a tool for 
inducing new genetic variations that may be capitalized for 
the genetic advances of a population by means of mass 
selection for higher gains. 
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71. STJHMARY 
The primary purpose of this study was to investigate 
the genetic effects of irradiating spermatogonia of sire and 
maternal grandsire on preweaning and postweaning gains of 
pigs. 
The data came from 9,348 pigs of Duroc and Hampshire 
breeds raised at the Bilsland Memorial Parm near Madrid, Iowa, 
from the spring of I960 through the,spring of 1963. About 
half of the sires and maternal grandsires used were exposed 
to 300 r. of X-rays directed locally to their testes in a 
single dose at a rate of 100 r. per minute, five or more 
months before they were used for breeding. The other boars 
were used as controls. Pour treatment combinations were pro­
duced from a two-by-two factorial arrangement of sire treat­
ment and maternal grandsire treatment. 
The barrows distinctly outgained the gilts by about ten 
pounds during the postweaning period from 42 to 154 days of 
age. The sex differences in preweaning gain were too small 
to be of any practical importance. The data were adjusted 
for differences in sex only for postweaning gain. 
p 
A statistical method of analyzing an R x 2 table was 
derived and was utilized in this study. The unbiased esti­
mates of the,.main effect of sire treatment, that of maternal 
grandsire treatment (control-irradiated), and the interaction 
between sire treatment and maternal grandsire treatment 
estimated as an unweighted average of individual estimates 
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within block over the blocks are 
îreweaning gain 
fin pounds) 
Duroc • Eampshire 
Breed mean 
Grandsire treatment 
Interaction 
Sire treatment 0.30 i 0.21 
0.14 + 0.23 
-0.32 t 0.23 
23.8 
0.34 t 0.18 
0.75 t 0.19 
0.23 Î 0.19 
24.3 
Postweaning gain 
fin pounds) 
Sire treatment 0.40 t 1.02 
2.51 t 1.14 
0.68 i 1.14 
160 
2.79 i 0.89 
2.55 Î 0.95 
0.42 t 0.95 
142 
Grandsire treatment 
Interaction 
Breed mean 
The interactions between sire treatment and block were signifi­
cant, indicating that the effect of sire treatment varied 
considerably from block to block. The interactions between 
maternal grandsire treatment and block were significant for 
preweaning gain, but were not significant for postweaning 
gain. 
The heritabilities and phenotypic variances within breed-
season-age group estimated separately for offspring by control 
and by irradiated sires are: 
Preweaning gain Phenotypic variance Heritabilitv 
Control sires  ^- 28.5 .09 i .09 
Irradiated sires 30.7 .08 Î .10 
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Postweanlng gain Phenotyplc variance 
Control sires 674 
Irradiated sires 801 
A considerable part of the increased phenotyplc variance of 
offspring by irradiated sires appeared to be non-additive 
genetic. 
Both preweanlng and postweanlng gains were skewed toward 
smaller gains. The distribution of postweanlng gain was 
lepbokurtic. When the data were transformed into ln(z+k) 
where k is a constant chosen to be about one-third of the 
general mean, the distribution of postweanlng gain of treated 
offspring was more skewed and flat-topped compared with that 
of control offspring. 
The phenotypic correlation between preweaning and post­
weanlng gains was 0,46 for offspring by control sires and 0.49 
for offspring by irradiated sires. The genetic correlation 
between the two traits estimated from sire components of 
variance and covarlance was reduced from ,48 to ,42 for off­
spring by control sires and from ,98 to ,56 for offspring by 
irradiated sires when the data were adjusted for litter size. 
The amounts that the phenotypic variances were reduced by the 
adjustment for litter size were larger for offspring by 
irradiated sires than for those by control sires. 
Results obtained in this study suggest the possibility 
that the offspring by Irradiated sires are more susceptible to 
differences in environments than the offsp2±Qg by control sires. 
Heritabillty 
,24 Î ,08 
,24 ± ,09 
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